INTRODUCTION
The United States Environmental Protection Agency (EPA) published proposed Effluent Limitation Guidelines and New Source Performance Standards for the Offshore Subcategory of the Oil and Gas Extraction Point Source Category on March 13,1991 (56 FR 10664) . These guidelines include limitations for Best Practicable Technology (BPT), Best Conventional Technology (BeT), Best Available Technology (BAT), and New Source Performance Standards (NSPS) for produced water, drilling fluids, drill cuttings, well treatment fluids, deck drainage, produced sand, and sanitary and domestic waste.
As a support document to these regulations, EPA published a Cost-Effectiveness (CE) Analysis (EPA, 1991) . This report calculated the CE of several different BAT and NSPS treatment options for produced water and drilling fluids and drill cuttings. Separate calculations were made for restricted versus unrestricted drilling rights and for three different oil costs per barrel. Each treatment option has a different cost and will result in removal of different levels of pollutants. The report calculates the annualized cost for each option and the pound equivalents (PE) removed and expresses the CE as $IPE. The CE value for the selected treatment option can be compared to the CE statistics from other industries for which EPA has done the analysis. While not officially required for decision-making, as long as the CE falls within some reasonable range, the selected treatment option is considered acceptable. This paper examines the premises and assumptions used in the CE analysis and recalculates the CE statistic using alternate assumptions. Ehrensberger and Rico (1988) describes and provides guidance on how to use EPA's CE methodology. CE is defined as the incremental annualized cost of a pollution control option in an industry or industry subcategory per incremental pound equivalent of pollutant removed annually by that control option. When calculating annual pollutant removal, the relative strengths of the different pollutants must be considered. A pound of chromium will be far more harmful to the environment than a pound of iron. One way of scaling different pollutants is to assign a weighting factor to each pollutant based on its toxicity. EPA's methodology calculates weighting factors using EPA's ambient water quality criteria for chronic aquatic life protection (fresh or salt water) and for human health protection through fish consumption. For carcinogenic pollutants, the risk factor is taken as 10-5 • All pollutants are normalized to a standard of 5.6 ppb, the aquatic life protection criterion for copper at the time the methodology was developed. A more toxic pollutant will have lower criteria resulting in a higher weighting factor.
EPA'S CE METHODOLOGY
(1)
The next step in the procedure is multiplication of the actual pounds removed by the weighting factors to get PE removed. Since CE is calculated on an incremental basis, the PE must be calculated separately for each treatment option. The incremental PE is the PE for the option under consideration minus that for the next less stringent option. Costs must also be calculated on an incremental basis. The incremental CE is then calculated by dividing the incremental annualized cost by the incremental PE. Tables 4-1 through 4-14 in EPA (1991) contain the results of EPA's calculations for the different options. In the CE analysis, all costs are scaled to 1981 dollars to allow comparison to the statistics calculated for other industries.
The list of pollutants used in the CE analysis is not limited to those pollutants regulated by the effluent guidelines. The list will also contain selected other toxics or non-conventional non-toxics which will be removed by a treatment option. For example, for drilling fluids and drill cuttings, only mercury and cadmium are limited in the effluent guidelines, but many other metals are also present and will be removed by the treatment options.
EPA'S CONCLUSIONS
In the March 13, 1991 proposed effluent guidelines, EPA selected treatment options for each waste stream. For drilling fluids and drill cuttings, wells from 0 -4 miles from shore may not discharge at all, and wells greater than 4 miles from shore have limits for mercury and cadmium of 1 mglkg. For produced water, wells from 0 -4 miles from shore must meet very stringent limits for oil and grease which EPA believes will require membrane filtration, and wells greater than 4 miles from shore must meet less stringent standards which do not require any additional treatment.
EPA performed the CE analysis for each waste stream and found that BAT and NSPS for drilling fluids and drill cuttings would cost $22/PE, BAT for produced water would cost $60/PE, and NSPS for produced water would cost $63/PE. CE statistics for twenty other industries range from less than one dollar to $404/PE (EPA, 1991) . Therefore EPA was satisfied that the treatment options selected for drilling fluids and drill cuttings and produced water were not unreasonable from a CE perspective.
DISCUSSION OF EPA'S ASSUMPTIONS
There are several assumptions used in the CE methodology which warrant discussion. Some of these are applicable to all industries and others are only relevant to the offshore oil and gas industry. The first category of assumptions represents shortcomings in EPA's CE methodology, but since they have been consistently applied to all other industries for which a CE analysis has been done, they are not the subject of this paper and will be discussed only briefly.
